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KOLLOIDNYY ZIVRNAL Mo 2 194% 1P 101~ 111
WW': 2, HEAL

A. V. Dumanskiy, Ya, F. Mezhennyy
end Ye. F. Nekryaoh.

In a previous artiole [ J,_7 date wee given on the heat of wetting Q
of starches in powders of various moisture oontents, with vater and with
ethyl aloohols in various concentrations. I% Was taronat¥atsd that the
amount of heat of wetting depends upon the moisture content of the sterch
and concentrations of aquecus alocholic solutions.

Thue, the quantity Q as a function of the water content in the starch
and aloohol is represented by the surface of a three=dimensional figure

which may be constructed, given the dependence of Q on the moisture con=

i A

tent of the starch during wetting with water and with alcoholic solutions

I ! of various concentrationa.

Hoats of Wetting_pf Starches with Water and Alcohol

13

Z Ae a supplement to the definitions set forth in an earlier article
1—1_7, under the same conditions we determined the heat of wetting of
starches with various moisture contents with aleohol solutions of two

concentrations: 20.13% and 80.07% of alcohol. The date obtained are given
in Teble 1.

#Presbnted at the Institute of General and Inorganic Chemistry
of the Academy of Sciences of the Ukrainian Soviet Socialist
Republic, 17 November 1947
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Table 1
Heat of Wetting of Starches with Solutiopa of Alechel and Suger
(Temperature 20°C)

Water (Molst- | Q cal per 1 gr of Dry Starch
ure content) in | __ o e R —
gr per 100 gr of | 20,13% of aloochol 80.07% of alecohol | Molar soluticn
dry starch - of sugar
0400 28.00 16,00 27,48
1.49 17.95 13.40 | 20,97
4,58 12,33 9.64 P
10.96 8.29 5.94 ‘ 10,52
19.92 - | 1.58 *‘ --
, 27.85 L 0,03 - | 1,93
33,08 - 0.04 0,51

As we ses, an increase in the aloohol content of the solution red-

uces the hent effect of hydration. ;
+Q +Q :

G /5. 1037 6
L
2
[ .20 . L 0,
o- ]
. -2. Haowt alcohol ZﬂSOH
Af 4 -Q

Figure 1. Heat of Wetting (Q cal/100 gr) of moist starch with
aquecus aleohol solutions

Figure 1 shows the values Q of wetting a starch containing 16,16 gr

of dry material with solutions of aleochol in rising;ooncqntrationq.
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'+ conoentrations of alochel,equale zero at a 91.92% alcohol ocontent, and
has & negetive value in great concentrations of alochdl.

weker 3% ;: »
/'oﬂ‘ ’ ZF, Thivane e X

q Figure 2, Diagram of the dependence of the heat of wetting of i
X starches of various moisture contents with water, absolute alcohol and K
| aquecus alccholic solutions (for notations, see text)

On' the basis of the date from Table 1, Figure 1 and the results shown i

in a previous article [Fl;7, let us construct a three-dimensicnal figure,

drawn in perspective in Figure 2. ;
In Figure 2 the curve BC gives the value of Q for wetting starches §

of various moisture contents with water; KL and MN give analogous quant=

ities for wetting with alocholic solutions (20,13 and 80.07%); the ourve
DFEFH gives the heat of wetting with absolute aleohol. The curve HAMKB

represents the dependence of Q on the concentration of alechol during wetting

i

.

dry starch; the curve PGR, the analogous dependence during wetting molst
starch with aleohcl solutions. The curves CLND and FGD correspond to
sero effects of heat, On the surface of the figure there are dots deter-
mining every possible dependence of Q on the moisture gontent of the
atarch and alechol, Along the surface, starting from the line FGD, the
positive values of Q are situasted above and the negative values below . 1

U
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this line., After D and N, with the inorease in the moisture content of
the starch the heat of wetting inoreases because of the poaitive heat of
golution; after the point L there is little chenge in the rise and after
pednt C the effact remaine zero,

Each point of the surface determines a value of heat effect in,

accordance with equation (1)1

4% FQd* QpAAEQ + qp % g (1)

4 study of such a eystem was undertaken to explain the influence of
the added third component on deternining the quantity of adsorptively
combined water with the indicator method / 2_7. A definitdy notive sub-
stance, ethyl alecohol, was intentionally taken so that its effect would be
sharper. The points on the line DNLC give the amount of wuter combined
with the starch. The presence of alcohol displaces the limiting moisture
content (heat effect is equal to zero), Without alcohol the limiting mols=-
ture content equals 35% (point C); with 20% of aloohol 28% (point L). In
other words, the amount of combined water being determined et the presence
of an indicata~alcohol is somewhat decreased. Thls diminution is the re=-
sult of the conditions of equation (1), If alcohol is absent, the condition
of the point C is given by the equation:

Bqe=-gp *aHP=0 or Qp =0
""ﬂhen alcohol is present,

Q2 -Qp +Qp + WO *qe =0, ..
Q0 B Qp=Qpeq, & q, 0r¢.SH,0 <q
The ebove insquality indicates that the amount of water adsorbed from

ioec,

the solution is less than that from a pure solvent (water).
Heat of Wetting of Starches with a Sugar Solution

In dete:@ining‘thq.amq@ﬁt}qf combined water, sucrose or glucose is

used as an indicato ndhthiswémoupﬁliaibalquiated [ 2_7 eccording to the
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change in the concentration during the negative adsorption of sugar. To
explain the sotion of theee subetances on the astate of the syetem experi=
mente were conduoted for wetting starch with sclutions of sucrose of
approximately molar congentration,

Data on wetting starches with various molsture contents are given in
Teble 2,

Table 2
Heat cf'Wetting of Starchee with Aqueous Solution of Suorose

Water (moisture Q per 1 gr of dry starch in cals
content) in grs e e i - e e e i+
per 100 gr of dry Vater Aqueocus solution of
starch sugrose

0.00 28,06 2748

149 -- 20.97

3.85 19,96 -

10.26 11.42 -

10.92 .- ' 10.52

16,02 5,01 --

16,17 5 -- 7.88

27.75 -- 1.93

28.24 10,67 -

33,08 - 0.51

From the data in Table 2 we see that, unlike the heat of hydration
with aleoholic solutions, the presence of sugar has comparatively little

effect on the value of heat of wetting with water which we indisated

earlier [ 2_7 .
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After extrapolating the data of Teblo 1, it is possible to determine
the omount of fully combined moisture Ln the starch in the presence of an
clodhdic eolution as equal %o 28,2 gr per 100 gr of dry starch, and in the
presence of a sugar solution, equal to 34.7 gry prectically equal to 35 grams
found for pure water.

If we write equation (1) for & non-adsorptive indicator, the term
9 = 0 eand QD § Qyaqs Oince the amount of desorbed water is equal to the
amount of adsorbed water, and the equation takes the form

5Qqsq £ g (1v)
that is, the change in the energy system depends on the resultant dilutlon
of the sugar solution by water, the molsture content of the eterch and
the change in the concentration of the solution becsuse of the negative
adsorption of sugar. These two causes are taken into account in the fore
mla given by us to determine the combined wnter aceording to the change
in eonoentrationa.zrz_7. It follows from this that the change in heat
phenomene. and the change in concentration of the indicator must give the
game results in determining the adeorptively'combined water, and that
they will depend only slightly on the concentration of the indicator ;m-
ployed.

If, in o few cases, such coincidences are not observed, the explanation
g that the mechanical structure of the substance is not equally accessible
for molecules of a solvent end of dissolved substance (indicator) ortthat
the indicater is not inert with respect to the substance of the colloid.
Ueing sucrose as an indicator, Voytsekhovekiy, a co=worker in our lgboratory,
determined the amount of water combined with the same starch at 20° accord-

ing to Dunanskiyts /2 7 refractometer. method, He obtained the f ollowim
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amounts of water combined with 100 gr of dry starch, which, as & matter of
fact, did not depend very much on average concentrations of suocrose, as

zay be seen from the following:

Concentrations Ancunt of combined water

of sucrose in % per 100 gr of dry starch, in gr.
5.3 T a0 o
10,8 2.8
16.6 319
274 3046
Extrapblated

to 0.0% 35.0

According to Gortoer's oryoscopic method, in the presence of & 22%
concentration of suorose at 0°, 31,0 gre of combined water were obtained
per 100 gr of dry starch.

In very greet concentrations of sugar the dependence of the quahtidy
of combined water on the concentration of sugar was more cleerly expressed;
thus, at a 39% concentration of suorose the quantity of combined water
amounted to 27.4 gr per 100 gr of dry sterch, and at a 54.7% soncentration
even to 23,0 gre

Let us coneider the case where both the sckvembtand the dissolved sub-
stance are hot inert to the eurface of colloid micelles. ' From both parts
of the equation let ue gubtract Q--the hest of wetting with a pure golvents
for a dry adsorbent, _whan Q * 0 and QP 2 0, we shall haves

QB QE g+ (da0=Qtak ' (c)
®.g:y the difference between the heat of wetting of axy powder with a solution
of a surface-active substance and the heat of wetting of this powder with a

«afle
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pure medium equals the heat of adsorption of the digpolved substance in
the case wmn[q“aOEQ '.‘.'.ﬂ..?' 0.
Heat of Tetting of Soluble Starches with Yater and Alcohol Solutions

In all our experiments the phenomenon of wetting was connected with
swelling and part of the heat was consumed by the work of swelling and
dissolving also. With native starches these phonomens are not strongly
developed; they should be noticeable in the cass of soluble starch¥. A
commercial soluble starch was used and carefully washed in dietilled water
at room temperature, £iltered, air-dried and then dried at a tenperature
ot 110°

As desoribed in the previcus article [ 1_7 , specimens with various
molsture contents were obtained in the dessicators over sulfuric acid
solutions.

In determining the values of Q at wetting with water a somewhat
smaller heat effect was cbtained==24.5 oal/gr instead of 28,06 for raw
starch. The limit molsture oo:;ton‘o was almost the same as for raw starch
=36,95 gr per 100 gr of the dry subetance, In wetting with alcohol &
negative heat effect was also observed.

Tables 3 and 4 show the results obtained.

It seemed that, beceuse of its great dispersion, goluble starch had
s greater value of Q. The reduction by 4 cal may possibly be explained
by the consumption of heat in increased swelling and partially by dis-
sbivipg. All other cases followed the rule.

#At the time of the experiment no appreciable diseolution of
goluble starch took place.
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Table )
Heat of Wetting of Soluble Starch with Water and Absolute Alcbhdl
(Tomperature 20°) :

e

e TR - ]

%
|

" Water (moisture ___ Gperlgmmof¥ry statchinoals ..
content) in gr. Noistened with Moistensd with absolute
‘l n:’ zgo gr of dry vater | alechol i
0,20 245 +1,305 . '
g 6.68 26,17 40,00 |
1 : 12.65 9.97 -1.85 |
‘ 15.95 5.79 .-
| ] 26,15 - =343 §
f | 20,50 2.98 boTh 4
3428 0.65 s i
] 36495 0,00 L =0454 ;
| L
Table 4 » i
Heats of Wetting of Dry Soluble Starch in Alecholic Solutions
(Temperature 20°) ) 3 ‘
porus of Loskr, Qe 1 g o e tarncon :
___‘__‘___,A___a.aw,_, et o o Ak e e ‘— s e -2-1;."3:7“—"““" e ,Z
8.73 % 19.10
16,78 l 19,40 ;
‘ 3464 16,72 ‘.
55,07 17.15 ¢ ‘
73418¢ 16.90
| £7.16 11,95

100,00 . , 1305

039-8




g2

D

e T
RO R -

P

Declassified in Part - Sanitiz
ed Copy Approved for Releas
e 2012/05/25 : CIA-RDP82-000:
: -00039R000100100039-8

=2

ey
=

=
oo
e
)
s
Tt

N
B
==

pr—
-

Heats of Wetiing _of Gelstin and Ager with Alcohol snd Algohel

Solutiona.

Gelatin and agar wore pimiler to those in the experimenis deporibed
in the firet srticls [ 1.7 , where the values of Q were determined for d&ry
gelatin ae Q * 32.1; cal/gr and for agar as Q 2 44,85 cal/gr (see Tigure 4
ond Tables 4 and 5, [17). The Msit conbined moisture comtent for gel-
atin was 40 gr per 100 @& of the dry substance and for agar 61.5 gr.

Both gelatin and ager produced sones of negative heat when moistencd
with absolute aleohol, but ager gave a higher minimun (=7.1 cal) then
gelatin (=4e4)y the minimun in starch was =5 cal.

/o %0
Molsture content in g

Figure 3. Heat of wetting (q 0el/100: gr) in absclute alcohols 1=of raw
starch; 2-of gelatin; 3=0f agar-ager) 4e=of starch goluble at their various

moisture contents.

L Q

Lo

304

20

10

TH T % 8 10
HyO 05HeOH

Figure 4. Heat of wetting(Q eel/100 gr) in aqueocus alcohol solutions of:
l-raw Btarchj 2=gelatin; 3eggar=agar; 4=goluble starch.
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Tigure 3 gives the ourves for heats of wetting of gelatin, agar ard
gtarch with sbsolute alocholj Figure 4 shows the ourves of wotting for the
same substances in a dry state with alooholic solutions,

The difference between gelatin or ager and starch is that heats of
wetting with sbaclute aloohol are very small Q 50(620al for agars and
Q S 0,06 cal for gelatin, whoreas for starch Q = 1,68 cal. On the basis
of a1l obtained data it is possible to ccnstruct 4'thnee=dimensional diagram
1ike that for starch, and to conclude that it will be similar to that al-
ready constructed for starch (Figure 2). Herd ol ".hilvg

Heat of Wetting of Powdered Anbydwul Silicon Oxide

Kieselgel made by the Kal'baum firm was used for this experiment. The
snowswhite powder was reground by hand in a small porcelain mortar. It
contained no impurities soluble in water. Three fractions were obtalined
by elutriations the rate of precipitaticn of the first equilled 2.61 on/eec;
of the second, =2.61 * 1072 om/seoj of the third, 2.61 * 10%. After
being dried firet at room temperature and then at 150°, the heat of wetting
with water was determined for each fractiont 21.4 cal for the first
fraction; 23.9 oal for the second and 22.9 cal for the third per 1 gram.

In fact, the heat of wetting a given highly porous substance scarcely
depends at all on the grinding, Tt;o fact that the specific surface of a
highly porous substance does not depend on the grinding was previously
xnown. Il'in and Kiselev / 5.7, for instance, had cbssrved this fact in
powder coal (Carbon) and in silica gel 7

épeciuna of varicus moistures were obtained in desiccators over
sulfuric acld. The heat of wetting of dry powdered 810, proved to be

close to that of starch; the limit combined moisture content was equal t¢

29.7 gr of water per 100 gr of dry Si0,. The quantities found are given
in Table 5.
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Table 5

Heat of Wetting 810, With Water

Water (mcisture content)
por 100 gr of dry 510

Q per 1 gran ordr,ys:l.o
in onlortos

. 0.00 2.7
391 15.64 .
16.78 6,30
di 24468 1.76
29,78 . 0.00
Table 6 ‘
Heat of Wetting Powdered 8102 Fith Absolute Alcohol
Water (moisture content) Q per 1 gram of dry 810,
in g;:ga per 100 grams of in oalories
0.00 25.2 i
5.56 17.62 '!
12,30 12,43
22.95 8.71
25.58 8.85 |
30.80 4e55 ]

Study of heats of ntting.,smz with absolute alocohol showed that, while

the heats of wetting of starches, gelatins and agars are low, the heat of
wetting 81.02 with aloohol equals 25.2 cal, with water to 22,7 cal., Silicon
anhydride proved to be more aloophilic than hydrophilis, Other authors

have also dbserved this, for example, Kisslev /'8_7, Patrick and Grimm L47,

who gave Q = 22,63 cal for their preparation for utting with.
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with water Q 3 19.22 cal. The gecond way in whioh it differs from starches,
golatins and sgarse is that wher a damp powder of Bi0y ig wetted with aloohol
no negative quantities are coserved for Q, as may be seen from Table 6.
Yhen there are great surpluses of water in 510 powder, an inorease ia
Q must be expected in view of the great heat of dissolving water in aloohol.
Wetting dry powder with different concentretions of alocholic sol~
uticns gives a different plottre from the previcus ones. Instead of an -84
shaped ourve with a steep drop toward pure aloohol, we have a uniform curve
with a low mipimum in the rengo of a 60% alochol solution, as may be seen
£rom Table 7.
Table 7
Heat of Wetting Dry SLO Powder With Solutions of Aloohol

PR sme e

% of nlcohol in solution Q per 1 gram of dry 810,
by weight 1n onloriu
e e . '%
16.78 22,60
59,00 | 19,90
73.15 } 21,70
100.00 l 25.24

I¢ ie evident that such @ifferent behavior on the part of Sio2 powder
on the one hand, and starch, gelatin and agar on the other hand, is due to
the fact that the latter substances are extremely hydrophilic and lyopholle
with regerd to elochol whils powdered 510, hae approximately the same re=

2
lation to both liquide.

Teble 8, besides showing the quantities of Q and the limit combined
molsture content A, already given, introduces the magnitude 100 ° Q/A,

equal to the amount of heat per 1 gram of water as & wetting sgent. This

Declassified in Part - Sanitized Copy Approved for Release 2012/05/2
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magnitude is very near tc a oconstant, having an average value of 75.
Because of its solubility, scluble staroh is somewhat worse in this re=
spect,

Thus, the follewing rule holds good for the adsorbents under considere
ation, which differ greatly in their properties. The integral heat of
wotting of various absorbents with water, calculated per 1 gran of water

A
af
|
4
i

1s constant value equal to 75 oalories. On conversion to 1 gram moleculs
we skall have 1350 calories or for one adsorbed moleculs there is, on an
average, a loss of 9,3 * 10% ergs,

If the value 75 is in fact a constant for a great many of vartous
absorbents, it is comparatively hard to determine, of the limit oocmbined
moisture content knowning the integral heats of wetting.

As .6%7-5=1,330 (2)

in grams per 100 grams of dry absorbent. If the value of A is given the
reverse problem--determining the heat of wetting with water may be solved:
Q ® 0.75 4-1/cnl/gm. (3)
If the calories are converted into ergs and, on the basis of the pre-
vicus artisde /1 7, the thickness of a water layer is taken as equal
3.5 * 10°%] then after caloulating & .
of heat given off in wetting 1 om? zf surface. As we see (Table 8),

1.46 . 100, we obtain the amount

this value is mear to a constant=-{112 org/cnz) only somewhat less than
the total surface energy q = & « 7 ga(for water at 20° equaling 116 ergs.

Table 8

Substances | Heat of Wetting | Experiseafal |Caloulated| 100°Q/A Q/A*L46| Minimun
moksture con=- | moist amount of er

with | with al=| tent per 100 | (AMQ ) | heat of | ©
water | achol gr of dry sube wetting
in cal | in cal stance in gr in gr per 1 gr

of water

in cal

Potato : o .
starch 28,1 | 1.68 37.0

Soluble

76

245 | 230 |

36495
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Agar ,4]408 0062 6105 5903 73 107 =74l
Gelatin 32 N 0,08 L0.0 40,1 h 118 =l

P P Een.,

i Anhydrous
: 3ilicen
oxide 22,7 | 28,2 | 29.7 | 28,6 | 76 (111 Qane

Average... | 73 (78}\ 109 kliiﬂn"

Knowing the total surface energy for water and the heat of wettlng Q, using the

eanation

7 =8
~ Qi_‘l ‘AE : 3'5——L. 10 : LO-Q— n —)‘Lé.
A 116 AT (L)

we may csloulate the limit molsture content A, vhich ls difficult to determine by
direct observation (0 = 0). The values calenlated for A are given in Table 8.
Kioelev ['6, 9_7, in his articles on the thermodynamic methed and its
epplication to the adsorption of a pure substance, presents a study of the theory
of phenomena and, after analyzing the problem of wetting porous absorbents, points

out that the heat of wetting QL can be calculated according to the formula (in the

anthor's notations):

mls[&l -0y, =T d-L-ud;e = ] . (5)

Formula (5) coincides with our (L) with the substitution ms = $ and
d' -d' , where & is the surface onergy of a pure liguid wetting

agent. This can be written on the basis of Jung's formula, by making codg- 1 for

1iophilic subastances.

Conclusions

ﬂ 1. The heat of wetting of starches, gelatin, agar and powdered anhydrous silicen

oxide with water, alcohol and &lcoholic solutions was studied, In accordance with the

graphic method used in physico=chemical analysis, a three=dimensional figure was drawn,
the points on the surface of which determine the values of Q depending on variablest

the moisture content of the absorbent and the concentration of the wetting solution.

of negative heat of webting with solutions of alecohol which we had previously observed

in starch.

3, Conditions were indicated under which the amount of combined water, which has
to be determined on the basis of the heat of wetting, coincides with the data of
Av V. Dumenskiy's method (change in the conc Eﬁi&i n of ‘ohe indicator).

Declassified in Part - Sanitized Copy Approved for Release 2012/05/25 : CIA-RDP82-00039R000100100039-8

2, By examples of molst gelatin and agar we confirmed the resence of the phenomenon i
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4e It was establighed that the intogral heat of wetiing of varicus

adsorbents (staroh, golstin, agar, silica. gel), caloulated per 1 gram of
water, is a oonstant value about 75 caleries.

5. Experimontal data on the heat of wetting for starch, gelatin and
agar must bbo congidered as somewhat tco luw becauze the small negative
offect of the swelling process is not taken into account, nor the process
of diesolving in the case of a scluble starch,
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